Alkaline protease production was studied in a batch stirred tank reactor at different initial casein concentrations in the range of 20, 30, 40 and 50 g/l by Bacillus licheniformis NCIM-2042. Protease production was observed during the bioreactor operation substrate utilization, protease formation and biomass growth was estimated. With the variation of initial casein concentration on the levels of 20, 30, 40 and 50 g/l, the protease production pattern was changed respectively at the end of 72 hours of bioreactor operation. As the concentration of limiting substrate increased, the protease production was found to decrease. The Ks value was found to be 23.361 g/l, Ki is 0.2647 g/l and ?m is 60.65, hr-1. A maximum of 3.3681 U/ml.hr protease product formation rate could be achieved as calculated by the Vm value. The Km value is the saturation constant or Michaelis constant of the product formation kinetics, the Km value in the present study was 2.32E-08.
Microbial processes for primary and secondary metabolites production is gaining attention around the globe due to various advantages it presents. However, various biological¹ and physical [2] [3] [4] conditions of the process influences the overall productivity. Alkaline proteases are accounting for 60-65% of market demand among all industrial enzymes 5, 6 with two third alone used in detergent industry and increased use in other sectors like textile, tanning etc [7] [8] [9] [10] [11] [12] [13] . Bacterial proteases processes are gaining importance due to ease in process operation and high yield under optimized conditions when compare with other microbes like yeast and fungus. Bacillus is well known source of bacterial alkaline protease 8, [11] [12] [13] [14] [15] and The reason being their higher stability to extreme pH and temperature at industrial level of production 7, 16 although several fungal sources are being increasingly employed 5, 6 . Currently a large proportion of the commercially available alkaline proteases are derived from Bacillus strains, Production medium composition plays a critical role in the fermentative production of alkaline proteases in particular concentration of limiting substrate has substantial effect on the overall performance of the process and yield [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Although, there have been a number of studies on protease production by Bacillus species, little information on kinetic analysis of the protease production process is available in literature 16, 21 . Bacillus sphaericus kinetics showed both growth and non-growth associated protease production characteristics 22 . Kinetics for ?-glucanase production was studied in stirred tank bioreactor after optimizing the culture medium to increase the production 23 . Although protease production is an inherent property of all organisms, only those microbes that produce a substantial amount of extracellular protease have been exploited commercially. In our previous studies we have developed a production medium for alkaline protease production from Bacillus licheniformis NCIM-2042 17, 18 and identified casein as critical compound which has large influence on the yield of alkaline protease production. In our present studies the effect of different levels of initial levels of casein concentration on the protease production in terms of Michelies menton inhibition kinetics were studied.
MATERIALS AND METHODS

Bioreactor operation
From the results of earlier shake flask studies (unpublished) it has been observed that casein was acting as limiting nutrients for the protease production and growth by Bacillus licheniformis. Therefore, the experiments were conducted in batch STR at different casein concentration for protease production using previously optimized agitation and airflow rates based on maximum specific protease production rate i.e., 200 rpm and 3 vvm. The experiments were carried out in a lab scale 7.5-litre bioreactor (Biolfow, NBS, USA) with 5 litre working volume, fixed with two-stage rushton type impeller of 50 mm diameter.
Effect of casein concentration on protease production
Four experiments E1, E2, E3 and E4 were conducted in batch mode, at different initial concentrations of casein in the levels of (g/l) 20, 30, 40 and 50 respectively for the maximum production of protease in STR operation. The 2-day old inoculum grown in 250 ml flask was used as seed to the reactor (10% of the working volume). Each batch was cultivated for 5 days at constant pH of 9.5 and temperature at 35+2oC and during the operation at every 24 hours protease production, carbohydrates, and biomass were estimated and recorded. Simple Monod growth kinetic studies were done in batch STR using casein as limiting substrate.
Kinetic analysis
The specific growth rate of the biomass was calculated as a function of the rate of change of substrate consumption at a given substrate concentration. In the present microbial system, the growth rate clearly inhibited at the highest casein concentration. Therefore the growth of a microorganism on an inhibitory substrate can be simply modeled in a batch well stirred tank reactor by the following equation (1).
The protease production kinetics at different casein concentrations was calculated by linearizing the Michelis-Menton equation by double reciprocal method as given by equation (2) and calculating the constants by Lineweaver Burke plot.
The equation 4 and 5 were solved and kinetic constants were estimated by using the software SCIENCE, SPSS Inc, Chicago, USA.
Analytical methods
Protease assay: Protease activity was determined by a modified method using casein as substrate. 50 ?l of crude protein was added to 450 ?l of substrate solution (1% (v/v) casein with 50mM Tris-HCl buffer pH 8.0) and incubated at 30°C for 30 min independently with respective controls. The reaction was stopped by adding 750 ?l of 5% TCA mixture (5% TCA, 9% Na-acetate, 9% acetic acid) followed by 30 min incubation at room temperature followed by centrifugation at 10,000 rpm for 15 min. The absorbance of supernatant was measured at 280nm. One unit of enzyme activity was defined as the amount of enzyme, which releases 1 ?mol of tyrosine per min under the assay conditions. The amount of tyrosine was determined from the tyrosine standard curve. Carbohydrate estimation: Total carbohydrate content was determined according to the phenol-sulfuric acid method 24 . Estimation of biomass: Two milliliter sample was collected in a pre-weighed eppendorf tube and centrifuged at 5000 rpm for 10 min. Supernatant was discarded and the pellet was washed thrice with sterile distilled water, followed by drying the pellets at 950C till constant weight and expressed in DCW (mg/ml).
RESULTS AND DISCUSSIONS
Effect of casein concentration on protease production
From the results of earlier shake flask studies (unpublished) it has been observed that casein was acting as limiting nutrients for the protease production and growth by Bacillus licheniformis. Therefore, the experiments were conducted in batch STR at different casein concentration for protease production using previously optimized agitation and airflow rates based on maximum specific protease production rate i.e., 200 rpm and 3 vvm.
The variations in DCW, carbohydrate utilization and protease production with cultivation time is shown in table 1-4. It is evident that from table 1-4 that during batch STR operation (E1-E4) the trend of carbohydrate utilization, biomass formation (DCW) and protease production is similar with maximum protease production during 72 hours. As the initial carbohydrate concentration in the STR increases, the protease production rate decreases. Maximum production (E3), 330 U/ml, is observed at 36.2 g/l of carbohydrate concentration and a further increase in the carbohydrate concentration of 52.2 g/l inhibited the product formation rate by recording a low protease production of 175 U/ml on 3rd day.
Higher concentration of casein (E4) also inhibited the growth and biomass yields with a low DCW of 5.6 mg/ml on 3rd day, which is very less when compared with E1 where a maximum DCW was observed at 8.2 g/l on 3rd day. Higher concentrations of casein resulted in inhibition on the cell growth, which in turn affected the protease production. The effects of casein concentration on protease production in batch STR could be best studied by calculating the specific product formation rate of protease with respect to DCW, and the yields of biomass and protease with respect to carbohydrates concentration for the entire period operation. The results for all batches (E1-E4) were tabulated in Table 5. From table 5 it is evident that maximum specific product formation rate of protease with respect to DCW was 109.04, U/mg DC, (E1) during 3rd day of operation. But, in the case of E3 and E4, the specific product formation rate of protease was drastically reduced to 48.37 and 42.9 (U/mg DC) respectively during the 3rd day of STR operation. By observing the trend of specific product formation rate of protease, it was evident that the increase in concentration of casein had shown significant effect on protease yields beyond 20 gm/l.
Microbial Growth and protease production kinetics
The values of ?m, Ks and Ki using noncompetitive substrate inhibitory growth equation were estimated as shown in figure 1 and the data is depicted in Table 6 . The saturation constant (Ks) is the measure of the affinity of the organism for the growth-limiting substrate (i.e. casein). Smaller the Ks value, higher is the substrate affinity and greater is the capacity to grow rapidly at lower growth-limiting substrate concentration. Whereas the Ki is the inhibitory constant and it is a measure of the inhibition offered by higher concentrations of the single substrate in the fermentation process. The Ks value was found to be 23.361 g/l, Ki is 0.2647 g/l and μm is 60.65, hr-1.
Similarly the protease production kinetics The residual estimation offers a good fit of the model and the data is shown in Table 7 and Table 9 . The pattern of scattering of residual points and standard error of estimation shows the goodness of the fit, that the model used for the estimation of microbial growth and protease product kinetic constants has resulted in less error of prediction in the 95% confidence limits. This residual represents the difference between the observed response variable and the value predicted by the regression line.
CONCLUSIONS
With the variation of initial casein concentration on the levels of 20, 30, 40 and 50 g/ l, the protease production pattern was changed respectively at the end of 72 hours of bioreactor operation. As the concentration of limiting substrate increased, the protease production was found to decrease. The Ks value was found to be 23.361 g/l, Ki is 0.2647 g/l and ?m is 60.65, hr-1. A maximum of 3.3681 U/ml.hr protease product formation rate could be achieved as calculated by the Vm value. The Km value is the saturation constant or Michaelis constant of the product formation kinetics, the Km value in the present study was 2.32E-08.
